The paper deals with the mathematical geometric modeling of the ropes of circular cross-section. Such rope can be formed from strands of different shapes. There is considered steel rope made up of six strands, whose crosssection has oval, triangular or circular profil in this paper. The wires of these types of the strands are presented by parametric equations of the wire axis. The equations are implemented in the Pro/Engineer Wildfire V5 software for creating the geometrical model of the strand.
Introduction
Wire ropes are elements of machine engineering but their use is much more extensive. They are mainly used in engineering, mining and construction. Basic structural component of them is a steel wire, which can have different profile shapes [1] . Steel wires form a strand of a rope. They also can have different shapes. The individual strands ultimately create the rope.
Many authors have dealt with the design and creation of the geometric model of the strands and ropes. Some types of circular [2, 3] , triangular [5, 6] and oval strands [4] are described. In this paper, one of the ways to express mathematically a circular rope made from one of three types of the strands is described and its use for creating the geometric model by implementation to the computer-aided design software ProEngineer Wildfire is demonstrated. The geometric model can be used for computer simulation and subsequent analysis of the wire ropes.
Basic assumptions and problem formulation
We will consider steel rope of circular profile made up of six strands, whose cross-section can be: DOI: 10.2478/sspjce-2013-0021
The strands are made of round wires, which are wound on the core strand in one or two layers. The core of the strand according to its shape composed of one or more wires. The strands are subsequently helically laid around the rope core. Each wire of the layer strand is therefore a double wound and each wire of the strand core is simply wound. Mathematically, we express mathematically the axis of wires in a strand. This allows us to create a geometric model of the rope. Mathematical expressions will be in the form of parametric equations of axes curves of the individual wires. We will proceed as follows:
• we mathematically express the wires axes curves in the strands of mentioned cross sections, • we express the mathematical formulation of the strand windings at the rope core, • Based on this formulation we create geometric model of the rope.
Mathematical expression of the wire axes in the strand layer
The considered strand is made of steel wires, which are helically wound around the strand core in one or two layers. Denote 0 n the number of core wires, 0 δ their diameter and 0 Δ the gap between the wires.The strand layer j consists of j n wires with a diameter j δ between which there is a gap j Δ . We assume that there are not gaps between wires of neighboring layers. The angle of wire winding in one layer is j α .
Oval strand
The strand core consisst of 0 n straight wires arranged so that their axes points lie on one straight line. Points of wire axes of the first layer then lie partly on the line and partly on the circular curves ( Fig. 1 ). Let the right-hand Cartesian coordinate system ( )
be placed so that the axis z is identical with the axis S o of the strand. The curve of the wire axis consists of k straight line segments and k helix segments (Fig. 2) . The parametric equations of the first line segment of the wire in the layer j according to [6] have the form ( )
where
The equations of the first helix part are obtained as
is the angle of rotation around the axis h o .
The line and helix segments are repeated in the wire axis. Each of them is rotated by the angle
and shifted of the length 
So, the curve of axis of the single-helical wire i in the layer j can be expressed by parametric equations
in which we use the equations (1) (7) - (9), π ψ ; 0 ∈ for helical segment ( h w = ).
Triangular strand
Assume that the triangular strand have in the first layer 1 3n wires. The points of wire axis lie on an equilateral triangle ABC in the section of the strand. Let the right-hand Cartesian coordinate system ( )
be placed so that the z-axis is identical with the axis s o of the strand and the x-axis is perpendicular to the side AB of the triangle ABC (Fig. 3) . Like in the case of oval strand, the wire axis curve is formed by parts of the line and the cylindrical helix [5] (Fig. 4 ). The parametric equations of the line segment of the wire in the layer j according to [6] have the form ( ) ( ) ( )( ) 
Circular strand
We can derive parametric equations of the circular strand on the same principle as it is in the previous two types of strands. Assume that the triangular strand have in j layer j n wires. Points of wire axes of one layer lie on a circle. The right-hand Cartesian coordinate system ( )
is located in the same way as in the previous cases. The centreline of the wire in the layer j is defined by the parametric equations 
Mathematical expression of the wire axes in the rope
Wire rope is formed by the strands helically laid around the core. Let us assume that s R is the lay radius and β the lay angle of the strand in the rope. To obtain the mathematical expression of wire centreline in the rope we can use the coordinate system transformation [7] .
The coordinate system ( )
used in single helical laid wire we transform to coordinate system ( )
where the axis z′ is identical with the rope axis as is shown in Fig. 7 . 
where s x , s y are parametric equations of the single-helical wire axis. The angle π ξ 2 , 0 ∈ for one pitch length of the strand. Using parametric equations (28) -(30), it is necessary to express the angle ψ by the angle ξ in the equations of different types of strands.
There are models of the circular ropes formed of oval strands (Fig. 8a) , triangular strands (Fig. 8b) and round strands (Fig. 8c) constructed for verify the correctness of the derived equations. Geometrical models are created by implementation of given parametric equations to the design software Pro/ENGINEER Wildfire v5 [8, 9] . 
Conclusion
The paper describes one of the possibilities of geometric modeling of circular ropes. It deals with the ropes created by the oval, triangular and round strands. There is mathematical expression in the form of parametric equations of individual simply wound wires in the mentioned types of strands listed. The parametric equations have variable parameters determining the number of wires in the layers. It allows the modeling of different types of the ropes.
For illustration, the geometric models of three ropes are created.
